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Abstract 

T cells recognizing myelin basic protein (MBP) are potentially involved in the pathogenesis of 
multiple sclerosis (MS). In vivo clonal expansion of MBP-reactive T cells in MS may relate in part to 
dysfunction of peripheral regulatory mechanisms, including the anti-idiotypic immune network. In 
this study, we examined anti-idiotypic immune responses and the functional properties of anti- 
idiotypic T cells in patients with MS and healthy controls using TCR peptides corresponding to a 
CDR3 sequence motif preferentially expressed among T cells recognizing the 83-99 
immunodominant peptide of MBP in some patients with MS. The study demonstrated that anti- 
idiotypic T cells could be induced in vitro by 8mer and 15mer peptides containing the CDR3 motif 
in MS patients and healthy controls respectively. The estimated precursor frequency of the anti- 
idiotypic T cells was slightly reduced in MS patients compared to control subjects. The obtained 
anti-idiotypic T cells recognizing the 15mer TCR peptide were found to express the CD4 
phenotype, produce predominantly IL-10 and inhibit the proliferation of autologous T cells 
recognizing the immunodominant peptide of MBP. Anti-idiotypic T cells induced by the 8mer TCR 
peptide were predominantly CD8+ cytotoxic T cells and exhibited cytotoxic activity against 
autologous MBP-specific T cells expressing the CDR3 sequence. When added in primary culture, 
both TCR peptides had a significant inhibitory effect on the T cell responses to the 
immunodominant peptide of MBP. The findings suggest that anti-idiotypic immune responses can 
be activated by selected TCR peptides and may play an important role in the in vivo regulation of 
MBP-reactive T cells. 



Introduction 

Autoimmune T cells are present in the normal T cell repertoire 
and are controlled by peripheral regulatory mechanisms (1-3). 
One of the important regulatory mechanisms involves an 
idiotype-anti-idiotypic network that interacts with idiotypic 
determinants of specific antibodies and T cells, contributing to 
the regulation of the immune responses (4,5). There is 
evidence both in experimental animals and in humans that 
anti-idiotypic T cells and antibodies regulate specific immune 
responses through the recognition of idiotypic determinants 
residing within the variable region or hypervariable region 



(CDR2 and CDR3) of TCR or antibodies (2,6,7). Anti-idiotypic 
T cells recognizing TCR framework regions were also reported 
(6). Although an idiotype-anti-idiotypic regulatory network has 
long been speculated to play an important role in the 
regulation of autoimmune responses, the functional and 
structural properties of anti-idiotypic T cells and antibodies 
remains unclear. The precursors of anti-idiotypic T cells and 
antibodies are found to pre-exist both in healthy and in some 
autoimmune conditions (8,9). However, the relationship of the 
precursors and their functional state with in vivo clonal 
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expansion of autoimmune T cells seen in autoimmune condi- 
tions is unknown. 

Multiple sclerosis (MS) is a demyelinating and inflammatory 
disease of the central nervous system with a presumed 
autoimmune pathology. There is increasing evidence that T 
cell responses to candidate myelin antigen(s), such as myelin 
basic protein (MBP), may play an important role in the 
pathogenesis of the disease (10-13). The pathogenic role of 
autoimmune Tc* r& ognizing encephaiitogenic epitopes of 
MBP is proven in EAE, an animal model for MS (14). There is 
evidence that T cells recognizing MBP undergo in vivo 
activation and clonal expansion in patients with MS as 
opposed to healthy or disease controls (12,15,16). It has 
been demonstrated that T cell responses to MBP are associ- 
ated with preferential recognition of the 83-99 immuno- 
dominant region of MBP (MBP 83 .. 99 ) (10-12). However, T cell 
recognition of these immunodominant regions of MBP was 
also detected in healthy individuals at relatively low frequency 
(10-12). In a recent study using CDR3 probe hybridization, T 
cells recognizing MBP 83 _ 99 were found to be as high as 1/300- 
1/1000 in peripheral blood mononuclear cells (PBMC) derived 
from MS patients (17). In addition, myelin-reactive T cells 
seem to occur at a significantly increased precursor frequency 
in the blood of MS patients at the time of clinical exacerbation 
as compared to that in remission (18). These autoreactive T 
cells may be activated in the periphery by viral or other 
microbial antigens through molecular mimicry (19). It is 
conceivable that persistent in vivo clonal expansion of myelin 
autoreactive T cells seen in MS may be associated with 
dysfunction of regulatory mechanisms, including an idiotype- 
anti-idiotypic network. However, the role of anti-idiotypic 
regulatory immune responses remains poorly understood. 

This study was undertaken to investigate the functional 
properties and the precursor frequency of pre-existing anti- 
idiotypic T cells in relation to the T cell responses to MBP 83 , 99 
in MS patients and healthy individuals. Based on our observ- 
ation in a recent T cell vaccination trial in which immunization 
with autologous MBP-reactive T cell clones was found to elicit 
anti-idiotypic T cell responses through interactions with CDR3 
sequences of target TCR (8), we synthesized two TCR 
peptides corresponding to a previously identified common 
CDR3 sequence motif (LGRAGLTY) that is preferentially 
expressed among T cells recognizing MBP 83 _ 99 (20). The 
LGRAGLTY motif was detected in a significant proportion of 
MBP 8 3-99-reactive T cell lines derived from MS patients (20). In 
this study, two TCR peptides (8mer and 15mer) were used to 
activate pre-existing anti-idiotypic T cells, and analyze their 
precursor frequency in the blood of MS patients and healthy 
individuals using a cell culture-based frequency analysis to 
examine potential relationship between the precursor fre- 
quency of anti-idiotypic T cells and that of MBP-reactive T 
cells. The resulting anti-idiotypic T cell lines were further 
characterized for the phenotype, cytokine profile, reactivity 
pattern and cytotoxicity. Based on the identified regulatory 
properties of the anti-idiotypic T cells as described here, we 
further addressed whether the TCR peptides could be used to 
inhibit the induction of MBP 83 .. 9g -reactive T cells in primary 
PBMC culture. The findings described here are important for 
the understanding of the role of anti-idiotypic immune 
responses in the regulation of MBP-reactive T cells. 



Methods 

Reagents and peptides 

Medium used for cell culture was Aim-V serum-free medium 
(Life Technologies, Grand Island, NY). Recombinant human 
IL-2 was purchased from Boehringer Mannheim (Indianapolis, 
IN). All peptides of human MBP and TCR were synthesized 
and purified by the Peptide Core Laboratory at the M, D. 
Anderson Cancer Center (Houston, TX). The purity of the 
peptides was >90%. 

Expression of DRB 1*1501 

Total cellular RNA was extracted from PBMC specimens using 
the RNeasy Mini Kit (Qiagen, Santa Clarita, CA). RNA was 
reverse transcribed to first-strand cDNA using an Oligo-dT 
primer and the superscript pre-ampiification system (Gibco, 
Gaithersburg, MD). cDNA was amplified by PCR using 
oligonucleotide primers specific for DRB1*1501 as described 
elsewhere (20). Briefly, 1 ul cDNA was added into the following 
amplification mixture: 5 ul of 10 x PCR buffer II (100 mM Tris- 
HCI, pH 8.3, 500 mM KCI), 3 ul of 25 mM magnesium chloride, 
1 |il of 10 mM dNTP mix, 0.3 ul of Taq polymerase (5 U/jut) 
(AmpliTaq Gold, Perkin Elmer, Norwalk, CT), 10 pmol of a 
specific primer as the forward primer and 10 pmol of a specific 
primer as the reverse primer. The amplification profile used 
was 1 min at 95°C for denaturation, 20 s at 65°C for annealing 
and 40 s at 72°C for extension in a total of 30 cycles. The 
amplified PCR products were separated on a 1% agarose gel 
by electrophoresis and stained with ethidium bromide for 
visualization. 

Detection of the LGRAGLTY sequence motif in MBP-reactive 
T cell lines 

Briefly, cDNA products reverse transcribed from total RNA of 
each T cell line were analyzed by PCR using a corresponding 
5' Vp forward primer and a 3' CfS reverse primer as previously 
described (20). The amplified PCR products were separated 
electrophoretically on a 1% agarose gel and transferred to a 
positively charged nylon membrane (Boehringer Mannheim, 
Indianapolis, IN) using vacuum blot (Bio-Rad, Hercules, CA) at 
5 mHg for 90 min. DNA was fixed onto the membrane after 
exposure to UV cross-linking and prehybridized at 68°C for at 
least 1 h; 0.1 mg/ml of poly(A) was added to the prehybridiz- 
ation solution (5 x SSC, 1% blocking solution, 0.1% 
/V-lauroylsarkosine and 0.02% SDS) to reduce non-specific 
binding of the probe to non-target DNA. Hybridization 
temperature and washing conditions were optimized to ensure 
stringent hybridization conditions. Hybridization was carried 
out in a buffer containing 5 x SSC, 1% blocking solution, 0.1% 
W-lauroylsarkosine, 0.02% SDS and a digoxigenin-labeled 
specific probe (0.3 pmol/ml) for 6 h. The detection of DNA 
hybrid products was performed using the Digoxigenin 
Luminescent Detection Kit according to the manufacturer's 
instructions (Boehringer Mannheim, Indianapolis, IN). The 
membrane was then exposed to X-ray film for 15-30 min at 
room temperature. The original T cell clone from which the 
LGRAGLTY sequence was derived served as a positive 
control and an unrelated CDR3 sequence was used as a 
negative control. Final CDR3 sequence assignment of the T 



cell lines was confirmed by DNA cloning and sequencing as 
described previously (20). 

Estimated precursor frequency of antigen-specific T cells in 
PBMC derived from MS patients and healthy individuals 
To estimate the precursor frequency of T cells recognizing the 
TCR peptides or the MBP peptides (10,11,21), PBMC 
obtained from MS patients or healthy individuals were plated 
out at 200,000 cells/well in U-bottomed plates (Costar, 
Cambridge, MA) in the presence of selected peptides (40 
wells for each peptide) at a concentration of 20 ng/ml. Seven 
days later, all cultures were re-stimulated with the corres- 
ponding peptide in the presence of irradiated autologous 
PBMC as a source of antigen-presenting cells (APC). After 
another week, each culture was examined for specific prolif- 
eration to the corresponding peptide in proliferation assays. 
Briefly, each well was split into four aliquots (~ 1 0 4 cells/aliquot) 
and cultured in duplicate in the presence of 10 6 APC pulsed 
with the corresponding peptide (a TCR or MBP peptide) or a 
control peptide. Cells were cultured for 72 h and pulsed with 
[ 3 H]thymidine (Amersham, Arlington Heights, IL) at 1 nCi/well 
during the last 16 h of the culture. Cells were then harvested 
and [ 3 H]thymidine incorporation was measured in a (3-plate 
counter (Wallac, Turku, Finland). A T cell line was considered 
to be specific for the corresponding peptide when the c.p.m. 
was >1500 and exceeded the reference c.p.m. (in the 
presence of the control peptide) by at least 3 times. The 
precursor frequency of specific T cells was then estimated by 
dividing the number of positive wells by the total number of 
PBMC seeded in the initial culture. The same experimental 
conditions and the same calculation were used consistently 
throughout the study. Short-term T cell lines were analyzed for 
cytokine profile and selected T cell lines with high stimulation 
index were further characterized for the reactivity pattern and 
cytotoxicity. 

Cytokine measurement 

The cytokine profile of the resulting anti-idiotypic T cell lines 
was determined quantitatively using ELISA kits (PharMingen, 
San Diego, CA). Microtiter plates (96-wells; Nunc Maxisorp) 
were coated overnight at 4°C with 1 (xg/well of a purified 
mouse capturing mAb to human cytokine [IL-4, IL-10, tumor 
necrosis factor (TNF)-a and IFN-y] (PharMingen) in 100 pi of a 
carbonate buffer (100 mM, pH 9.5). Plates were washed 5 
times with PBS (pH 7.0) containing 0.05% Tween 20 (PBS/T). 
Non-specific binding sites were saturated with 10% (w/v) FBS 
in PBS (FBS/PBS) for 1 h and washed subsequently with PBS/ 
T, Supernatants and cytokine standards were diluted with PBS 
and added in duplicate wells. Plates were incubated at 4°C 
overnight and subsequently washed 5 times with PBS/T. 
Then 100 (il of the matched biotinylated detecting antibody 
(0.5 jig/ml for IL-4 and IL-10, and 1 ng/ml for IFN-yand TNF-a) 
was added to each well and incubated at room temperature 
for 2 h. After washing, avidin-conjugated horseradish per- 
oxidase (1:5000 dilution; Vector, Burlingame, CA) was added 
and plates were incubated for 1 h. Plates were then washed 
and 3,3',5,5'-tetramethylbenzidine (Sigma, St Louis, MO) was 
used as a substrate for color development. The reaction was 
stopped by the addition of 1 N HCI. Optical density was 
measured at 450 nm by using an ELISA reader (Bio-Rad) and 
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cytokine concentrations were analyzed quantitatively by 
microplate computer software (Bio-Rad) using a double 
eight-point standard curve. The detection limits for these 
cytokine measurements were said to range from 15 to 
25 pg/ml. 

Flow cytometry 

To analyze the surface expression of CD4 and CD8 
phenotypes, 10 5 cells of each T cell line were washed in 
PBS containing 1% FBS and 0.1% sodium azide (FBS/PBS) 
and resuspended in 100 jil FBS/PBS containing a 1:100 
dilution of fluorochrome-labeled antibody [Simultest CD4- 
FITC/CD8-phycoerythrin, Leu-3a/2a; Becton Dickinson 
Immunocytometry Systems, San Jose, CA) or appropriate Ig 
isotype controls (y2a-FITC/Yl-phycoerythrin; Becton 
Dickinson Immunocytometry Systems). After incubation for 
30 min on ice, the cells were washed 3 times in FBS/PBS and 
fixed in 2% formaldehyde for flow cytometry assay. Cell 
preparations were analyzed using FACSCalibur (Becton 
Dickinson Biosciences, San Jose, CA). 

Reactivity of anti-idiotypic T cell lines to TCR peptides 
TCR-specific T cell lines (20,000 cells/well) were cultured with 
irradiated autologous PBMC (100,000 cells/well) as a source 
of APC in the presence or absence (medium alone) of 
corresponding TCR peptides (20 ng/ml). Cells were cultured 
for 72 h and pulsed with [ 3 H]thymidine (Amersham, Arlington 
Heights, IL) at 1 nCi/well during the last 16 h of the culture. 
Cells were then harvested using an automated cell harvester 
and [ 3 H]thymidine incorporation was measured in a (3-plate 
counter (Wallac). 

Inhibition assay 

MBP 83 _ 99 -reactive T cell clones derived from MS-8, MS-9 and 
MS-10 or autologous T cells raised by phytohemagglutinin 
(PHA) activation were used as indicator cells and cultured at 
20,000 cells/well in the presence of MBP^gg peptide 
(20 ng/ml) or PHA (1 |xg/ml), respectively, and irradiated 
autologous PBMC (100,000 cells/well) as a source of APC. 
Autologous CD4 + anti-idiotypic T cells pre-activated and 
subsequently irradiated at 2000 rad were used as inhibitor 
cells and added at 20,000 cells/well to the wells containing 
autologous indicator cells. Cultures were kept for 72 h and 
pulsed with [ 3 H]thymidine (Amersham) at 1 nCi/well during the 
last 16 h of the culture. Cells were then harvested for the 
measurement of [ 3 H]thymidine incorporation as described 
above. Wells containing pre-irradiated inhibitor cells had a 
mean c.p.m. < 1200. The percent inhibition was calculated as 
1 -(mean c.p.m. in the presence of inhibitor cells/mean c.p.m. 
in the absence of inhibitor cells) x 100%. 

Cytotoxicity assay 

Cytotoxic activity of selected CD8 + anti-idiotypic T cell lines 
was measured in a lactate dehydrogenase-release assay 
according to the manufacturer's protocol (Promega, Madison, 
Wl) (22,23). The E (anti-idiotypic T cells):T (MBP 83 ... 99 -reactive 
T cells or autologous T cells raised by PHA activation) ratio 
was 10. The experiments were performed in the presence and 
absence of two mAb to MHC class I (W6/32) and II (HB55) 
molecules at a concentration of 20 ng/ml. After incubation at 
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37°C for 4 h, supernatants were harvested and lactate 
dehydrogenase release was measured in an enzymatic 
assay. The maximum and spontaneous release was 
determined in wells containing detergent or medium alone. 
The percent specific cytolysis was calculated as (experi- 
mental release - spontaneous release/maximum release - 
spontaneous release) x 100%. 

Inhibitory effect of the TCR peptides on the precursor 
frequency of MBP-reactive T cells 

PBMC obtained from selected MS patients were plated out at 
200,000 cells/well in U-bottomed plates (Costar) in the 
presence of selected peptides of MBP (40 wells for each 
peptide) at the concentration of 20 jig/ml. TCR 1Smer or TCFW, 
peptide was added into the corresponding wells at a 
concentration of 20 ng/ml. Seven days later, all cultures 
were re-stimulated with the corresponding MBP peptides in 
the presence of irradiated autologous PBMC as a source of 
APC. After another week, each culture was examined for 
specific proliferation to the corresponding MBP peptide in 
proliferation assays as described elsewhere. The precursor 
frequency of specific T cells was then estimated by dividing 
the number of positive wells by the total number of PBMC 
seeded in the initial culture (10,11,21). 



Results 

Precursor frequency of T cells recognizing synthetic 
peptides containing a common TCR CDR3 sequence of 
MBP 8 3~99-specific T cells in patients with MS and healthy 
individuals 

A group of 10 MS patients and a control group of 10 healthy 
individuals were included in the study. The clinical character- 
istics and the expression of DRB1*1501 are summarized in 
Table 1. Two peptides were synthesized, a short peptide of 8 
amino acids in length (TCR 8mcr ) corresponding exactly to the 
LGRAGLTY sequence and a 15mer peptide (TCRi 5mer ) 
incorporating additional residues from the JfS region 
(SSLGRAGLTYEQYFG). We first examined the precursor 
frequency of anti-idiotypic T cells recognizing the TCR 
peptides and its relationship with the precursor frequency of 
T cells recognizing the immunodominant region of MBP 
(MBP 83 99 ) and another MBP peptide (MBP 151 . 170 ) in patients 
with MS and healthy individuals. As shown in Fig. 1, T cells 
recognizing both TCR peptides could be detected in patients 
with MS as well as in healthy individuals. Anti-idiotypic T cells 
reactive to the TCR 8mer peptide occurred at relatively lower 
precursor frequency in MS patients than that in the control 
subjects (0.4 x 10-6 versus 0.6 x 10- 6 ). To a lesser extent, the 
precursor frequency of anti-idiotypic T cells recognizing 
TCRismer peptide was also decreased in patients with MS 
compared to that in control subjects (0.5 x 10~ 6 versus 0.7 x 
10- 6 ). However, the differences in the T cell frequencies in this 
small sample size did not reach statistical significance. When 
plotted with the precursor frequency of T cells reactive to the 
MBP peptide, a trend for an inverse correlation between anti- 
idiotypic T cells recognizing the two TCR peptides and 
MBP 83 .. 99 -reactive T cells, but not MBP 151 _ 170 -reactive T 
cells, was noticed (Fig. 1). Interestingly, the decreased 



Table 1. Clinical characteristics and the expression of 
DRB1*1501 in study subjects 



Sutrect 


Age 


Sex 


EDSS 


Type of MS 


DRB 


1*1501 


MS-1 


33 


F 


1.0 


R/R 






MS-2 


55 


F 


6.5 


R/R 






MS-3 


46 


F 


2.0 


R/R 






MS-4 


60 


M 


7.0 


S/P 






MS-5 


41 


M 


4.5 


R/R 


- 




MS-6 


48 


F 


8.0 


S/P 






MS-7 


50 


M 


1.5 


R..R 






MS-8 


53 


F 


1.0 


R/R 






MS-9 


38 




5.0 


H/R 






MS-10 


46 


F 


1.5 


R/R 






NS-1 


33 


F 










NS-2 


34 


F 










NS-3 


31 


F 










NS-1 


32 


F 










NS-5 


37 


M 










NS-6 




F 










NS-7 


46 


M 










NS-8 


63 


F 










NS-9 


45 


F 










NS-10 


40 


F 











The expression of DRBT1501 was determined in PBMC 
specimens derived from MS patients and healthy individuals as 
described in Materials and Methods. EDSS, expanded disability 
score scale; R/R, relapsing-remitting MS; S/P, secondary 
progressive MS. 
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Fig. 1. The estimated precursor frequency of anti-idiotypic T cells 
recognizing the TCR peptides in relation to that of MBP 83 , 99 -reactive 
T cells in patients with MS and healthy individuals. The precursor 
frequency of anti-idiotypic T cells recognizing the two TCR peptides 
(TCRismer and TCR 8mer ) was estimated as described in Methods, 
and plotted with the precursor frequency of MBP 83 _ 99 -reactive T 
cells in the same MS patients (closed circles, n = 10) and healthy 
individuals (open circles, n = 10). The solid lines represent 
regression of the estimated T cell precursor frequencies in MS 
patients and the dashed lines represent those in healthy controls. 



frequency of anti-idiotypic T cells seemed to correlate with 
an increased frequency of MBP 83 _ 99 -reactive T cells in MS 
patients examined (Fig. 1A and B). 
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Fig. 2. The cytokine profile of anti-idiotypic T cell lines raised by the TCR peptides. A panel of 34 CD8 + anti-idiotypic T cell lines recognizing 
TCR amer peptide (closed circles) and 29 CD4+ T cell lines specific for TCR 15mGr peptide (open circles) were analyzed for the production of the 
indicated T h 1 and T h 2 cytokines using ELISA kits. The obtained anti-idiotypic T cell lines were challenged with the corresponding TCR 
peptide, using medium alone as a control. Supernatants were collected at 48 h and assayed for the cytokines. The solid lines represent 
regression of the cytokine profile of CD8 + anti-idiotypic T cell lines recognizing TCR 8n ,„ peptide and the dashed lines represent that of CD4- 
11 1 [ ^ f| for TCR 16mer peptide. The differences in the regression of the cytokine profile between CD4 + and CD8+ anti- 

idiotypic T cell lines are statistically significant (P< 0.01). 



Phenotypic and functional properties of anti-idiotypic T cell 
lines raised against the TCR peptides 

The resulting anti-idiotypic T cell lines were then examined for 
phenotypic expression, cytokine profile and reactivity pattern. 
A panel of 34 T cell lines recognizing the TCR Sme r peptide and 
29 T cell lines reactive to the TCR| 5me r peptide were 
characterized first for the expression of CD4 and CD8. The 
majority of the T cell lines (29 of 34) recognizing the TCFS 8mer 
peptide were of the CD8 phenotype as determined by >90% 
CD8 + T cells, while all T cell lines recognizing the TCR fSmer 
peptide expressed the CD4 phenotype. The T cell lines were 
then analyzed for the production of the selected T h 1 cytokines 
(IFN-y and TNF-a) and T h 2 cytokines (IL-4 and IL-10). As 
illustrated in Fig. 2, anti-idiotypic T cell lines recognizing the 
TCR 8 mer peptide exhibited predominantly the T h 1 cytokine 
profile, producing mainly IFN-y and TNF-a, but little IL-4 and 
IL-10, while T cell lines raised against the TCR 15me r peptide 
produced predominantly IL-10 and IL-4. There were no 
significant discrepancies in the cytokine production between 



the anti-idiotypic T cell lines derived from MS patients and 
healthy individuals. 

A panel of representative anti-idiotypic T cell lines of both 
the CD4 (n = 6) and CD8 (n = 6) phenotypes was selected for 
further characterization, including the inhibitory (for CD4+ T 
cell lines) and cytotoxic activity (for CD8+ T cell lines). The 
selection of the T cell lines was based on high stimulation 
index (>10) in response to the corresponding peptides, but 
not the control peptide. Table 2 shows the reactivity of the 
selected anti-idiotypic T cell lines as well as three autologous 
MBP 83 _ 99 -reactive T cell clones (used as target/indicator cells) 
obtained from the same patients. The selected CD4 + anti- 
idiotypic T cell lines were pre-activated with the TCR 1Smer 
peptide and subsequently irradiated to prevent their inter- 
ference in the proliferation assay. As shown in Fig. 3, CD4+ 
anti-idiotypic T cell lines examined had an inhibitory effect on 
the proliferation of autologous MBP 83 _.9 9 -reactive T cell clones 
and, to a lesser degree, the proliferation of the control T cells. 
In separate experiments, the CD8+ anti-idiotypic T cell lines, 
with one exception, were found to exhibit significant cytotoxic 
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Table 2. The reactivity and phenotypic expression of MBP-reactive T cell clones and representative anti-idiotypic T cell lines 
used in the inhibition and cytotoxicity assays 







Reactivity (c.p.rr 






LGRAGLTY 




MBP 83 ._ 9 9 peptide 


TCR peptide 














MS8-G11 


CD4 + 


324 + 12 


4598 + 212 




Positive 


MS9-C4 


CD4+ 


1 277 ± 235 


8723 ± 611 


I 


Positive 


MS10-D8 






7345 ± 182 




Positive 


Anti-idiotypic 












MS8CD4-2 


CD4 + 


2840 ± 113 




12277 ± 278 




MS8CD4-5 


C04* 


1458 ± 86 




6053 ± 102 




MS9CD4-3 


CD4 + 


334 ± 12 




3469 ± 87 




MS9CD4-9 


CD4+ 


306 ± 23 




7006 ± 154 




MS10CD4-5 


CD4 + 


973 ± 16 




3352 ± 99 




MS10CD4-11 


CD4 + 


701 ± 20 




2425 ± 110 




MS8CD8-4 


CD8 + 


1598 ± 277 




6458 ± 192 




MS8CD8-12 


CD8- 


1101 ± 47 




7069 ±612 




MS9CD8-1 


CDo • 


1907 ± 288 




9113 ± 271 




MS9CD8-6 


CD8 + 


743 ± 21 




7665 ± 49 




MS10CD8-1 


CD8 + 


1620 ± 109 




7655 ± 290 




MS10CD8-8 


CD8* 


375 ± 1 7 




5172 ± 131 





The expression of the LGRAGLTY motif was analyzed using the method described in Methods. CD4+ anti-idiotypic T cell lines were 
examined for the reactivity to the 15mer TCR peptide while CD8 + anti-idiotypic T cell lines were tested under the same experimental conditions 
to the 8mer TCR peptide. The concentration of the peptides used in these experiments was 10 ug/ml. 



activity towards autologous MBP 8a .. 99 -reactive target T cells, 
which could be blocked by the addition of a mAb to MHC class 
I molecules (W6/32) but not an antibody to MHC class II 
molecules (Fig. 3A). 

Inhibitory effect of the TCR peptides on the induction of the 
T cell responses to MBP 83 „. 9g in PBMC obtained from MS 
patients 

As the TCR peptides were demonstrated to activate pre- 
existing CD4 + and CD8 + anti-idiotypic T cells capable of 
regulating autologous MBP 83 _ 99 -reactive T cells, we further 
addressed whether the induction/activation of MBP 83 . 99 - 
reactive T cells could be affected by the addition of the TCR 
peptides in primary PBMC culture. To this end, the TCR 
peptides were added into PBMC cultures that were stimulated 
either with the MBP 83 ^ 99 peptide or with another MBP peptide 
(residues 151-170). PBMC specimens were obtained from 
three MS patients selected for positive detection of the TCR 
LGRAGLTY sequence motif. As illustrated in Fig. 4, the 
precursor frequency of T cells recognizing the MBP 83 _ 99 
peptide, but not the MBP 15l .. 17 o peptide, was significantly 
decreased in cultures where the TCR 8mer peptide and the 
TCR 15me r peptide were added, while a control TCR peptide 
with an irrelevant TCR CDR3 sequence had no effect on the 
precursor frequency of MBP 83 _ 99 -reactive T cells. The TCR 8mer 
peptide seemed to have a greater inhibitory effect on the 
precursor frequency of MBP^gg-reactive T cells. 



Discussion 

The study described here has yielded interesting findings that 
are important for the understanding of the role of anti-idiotypic 
immune regulation of MBP-reactive T cells in MS patients and 
healthy individuals, and has also raised some intriguing issues 



for future investigations. First, our T cell frequency analysis 
indicated that anti-idiotypic T cells recognizing a TCR CDR3 
determinant(s) preferentially expressed by MBP 83 _ 99 -reactive 
T cells are pre-existing in both MS patients and healthy 
individuals, and can be induced by synthetic TCR peptides 
incorporating the LGRAGLTY sequence. There is a reverse 
correlation between the precursor frequency of anti-idiotypic T 
cells and that of T cells recognizing the immunodominant 
MBP 83 . 99 peptide, suggesting the potential functional role of 
the anti-idiotypic T cells in the regulation of MBP 83 .. 99 -reactive 
T cells. The findings have raised further questions as to 
whether in vivo clonal expansion of MBP-reactive T cells often 
seen in MS patients (24,25) is associated, at least in part, with 
the frequency and the function of specific anti-idiotypic T cells. 
The issue should be addressed in great detail in future 
investigations. In addition to the idiotype-anti-idiotypic regu- 
latory network, other peripheral immunoregulatory mechan- 
isms are also found to play an important role in the regulation 
of MBP-reactive T cells in MS (3). 

Second, TCR peptides of 8 and 15 amino acids seem to 
induce different T cell populations that can be differentiated by 
the phenotypic expression (CD4 versus CD8), cytokine profile 
(T h 1 -like versus T h 2-like) and regulatory properties on 
MBPa3_ 99 -reactive T cells (cytotoxicity versus inhibition). It is 
likely that CD4 + anti-idiotypic T cells induced by the 15mer 
TCR peptide exert the inhibitory effect on MBP 83 ._ 99 -reactive T 
cells by the production of IL-10, a known inhibitory cytokine. 
This possibility may explain the finding that when activated by 
the TCR peptide, the CD4+ anti-idiotypic T cell lines examined 
also exhibited some inhibitory effect on the proliferation of 
control T cells. The functional properties of the CD4+ anti- 
idiotypic T cells are consistent with those induced by 
immunization with different 15mer TCR peptides in patients 
with MS (26). Vandenbark eta'l. demonstrated in a clinical trial 
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Fig. 3. The effects of the CD4 + and CD8 + anti-idiotypic T cell lines 
on autologous MBP 83 . 99 -reactive T cell clones. (A) A panel of six 
representative CD8 + anti-idiotypic T cell lines recognizing TCR 8rr , a , 
peptide w p< u i - I t i t t i it t 11 I 1 H r 1L- 

reactive T cells; autologous T cells raised by PHA stimulation were 
labeled with 51 Cr as target cells. The E:T ratio was 10. The 
experiments were performed in the presence and absence of two 
mAb to MHC class I (W6/32) and II (HB55) molecules at the 
concentration of 20 ng/ml. Data are expressed as percent specific 
cytotoxicity. (B) In separate experiments, a panel of six 
representative CD4 + T cell lines specific for the TCR 15mar peptide 
were analyzed for an inhibitory effect on the proliferation of 
autologous MBP 83 _ 99 -reactive T cells and control T cells raised by 
PHA stimulation as described in Methods. The mean c.p.m. of the 
irradiated CD4+ anti-idiotypic T cell lines cultured alone was <1000. 



that synthetic peptides corresponding to CDR2 sequences 
expressed in some MS patients stimulated T cells that 
inhibited MBP-reactive T cells by producing IL-10 in culture 
(26). For CD8+ anti-idiotypic T cells, several existing models 
may explain how the idiotypic determinants of target TCR are 
presented to and recognized by anti-idiotypic T cells. There is 
experimental evidence indicating that peptides of cell-surface 
molecules are often presented by MHC class I molecules and 
that peptide-binding motifs for MHC class I molecules have 
been identified (27,28). Several recent studies have demon- 
strated that endogenous TCR peptides can be presented by 
self-MHC to anti-idiotypic T cells (29,30). It is also interesting to 
note that CD8 + cytotoxic anti-idiotypic T cells described here 
resemble those induced by immunization with irradiated 
autologous MBP-reactive T cells (T cell vaccination) in patients 
with MS (21,31). These CD8 + anti-idiotypic T cells induced by 
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Fig. 4. The inhibitory effect of the TCR peptides on the precursor 
frequency of MBP 83 .. 99 -reactive T cells in selected patients with MS. 
The precursor frequency of T cells recognizing the 83-99 and 151- 
1 70 peptides of MBP was estimated in the presence and absence of 
the TCR peptides (20 ng/ml) respectively in PBMC that were 
obtained from three patients with MS (MS-8, MS-9 and MS-10) and 
expressed the LGRAGLTY motif. Asterisks indicate statistically 
significant differences (P < 0.05) between the precursor frequency 
of MBP-reactive T cells in the presence of the TCR 8rner and TCR 15mer 
peptides, and that in the presence of a mix of two control TCR 
peptides corresponding to the V-D-J junctional sequences 
(YSIRGQGN and ASSENRASYNEQFFG) of irrelevant T cell clones, 



T cell vaccination preferentially recognize the CDR3 deter- 
minants of the immunizing MBP-reactive T cells and exhibit 
specific cytotoxic activity against the target T cells (8). The 
induction of the anti-idiotypic T cell responses in MS patients 
who received T cell vaccination coincided with the reduction 
and depletion of MBP-reactive T cells used for immunization 
(21,32). 

In both studies discussed above, the induction of anti- 
idiotypic T cell responses by immunization, either with the TCR 
peptides or with irradiated autologous T cells, seemed to 
correlate with some clinical improvement in immunized MS 
patients (32,33). It is likely that anti-idiotypic T cells described 
here represent those that are induced by the different 
immunization approaches. Consistent with this possibility are 
the findings described here that the CDR3 peptides act as 
specific inhibitors for MBP-reactive T cells by inducing anti- 
idiotypic T cell responses. It remains to be tested in future 
investigations whether such TCR peptides may have thera- 
peutic potential for a subset of MS patients in whom the 
common CDR3 sequence motif is expressed by MBP 83 _ 99 - 
reactive T cells that represent dominant MBP-reactive T cell 
populations. 
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Abbreviations 

APC antigen-presenting cell 

MBP myelin basic protein 
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MS multiple sclerosis 

PBMC peripheral blood mononuclear cell 

PHA phytohemagglutinin 

TNF tumor necrosis factor 
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